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[57] ABSTRACT

Nonionic substances which form disk-shaped micelles
in aqueous solution and are of the formula

(D
Rl-(-.OHCHz-CH;-);OO-(":—O O—
0
R
—ﬁ:—@fo-(-cm—c:}{z—o-);m
0

-(-CH;-);O-ﬁ—(lz=CH2,
O R?

where R 1s H or

Rlis Ci-Caalkyl, R?is H or CH3, x is from 3 to 12 and
y 1s from 3 to 15, and polymers of compounds of the
formula I where R is

-(-CH;-);O-—-ﬁ-—(I:-—:CHz,
O R

processes for the preparation of the compounds of the
formula I and of the polymers, and the use of the com-
pounds described as additives to detergents and clean-
ing agents, for other surfactant applications and as lig-
uid crystals for optical, electronic and optoelectronic
applications.

5 Claims, No Drawings
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AMPHIPHILIC
+-ALKOXYPOLYETHOXYBENZOATES, THEIR
PREPARATION AND THEIR USE

Amphiphilic compounds composed of hydrophilic
and hydrophobic units form, in aqueous systems and
above the critical micelle concentration, micellar struc-
tures which, in the case of a suitable structure and in
certain concentration ranges, are present as liquid crys-
talline phases (meso phases). These meso phases may
consist of spherical, acicular or disk-shaped micelles,
and it is also possible for different meso phases to exist
in a binary system. The structures of the meso phases
can be determined by textural investigations under the
polarization microscope. A detailed compilation of tex-
ture/structure assignments is given in Textures of Lig-
uid Crystals, Ed. Demus, Richter Verlag Chemie
(1978). The literature (Mitchell et al., J. Chem. Soc.
Farad. Trans. I 89 (1983), 975 and Lang et al., J. Chem.
Phys. 73 (1980), 5849) discloses, for example, the phase
behavior and in particular the existence of mesomorphic
phases as a function of the balance between hydrophilic
and hydrophobic units of nonionic surfactants having
the structure CH3;—(CHj3);,—(0O—CH;—CH;),—OH.
By a suitable choice of the ratio of x to v, it is possible
to produce binary systems of a surfactant and water
which have meso phases in a certain temperature range.

H. Finkelmann et al., Colloid & Polymer Sci. 260
(1982), 56-635 reported detailed comparative investiga-
tions into monomeric amphiphiles and their polymer-
1zed analogs. Because of the improved solubility of the
amphiphilic side chain polymers, the miscibility gap in
the binary system of surfactant and water is shifted to
higher temperatures.

By incorporating rigid hydrophobic units into amphi-
philic compounds, L.uhmann et al. (cf. Makromol.
Chem. 186 (1985), 1059 and Colloid & Polym. Sci. 264
(1986), 189) were able to show that compounds of this
type form disk-shaped (diskotic) micelles with water in
the binary system, and that there is a lyotropic nematic
phase before a liquid crystalline lamellar L, phase.

The mesomorphic surfactant systems known to date
have the disadvantage that they possess a large number
of liquid crystalline phases in narrow concentration
ranges and, in particular, the nematic phases character-
1zed by their excellent flow properties exist as homoge-
neous phases only in extremely narrow concentration
and temperature ranges. No smectic phases having an
S¢ structure are known to date.

It 1s an object of the present invention to provide
nonionic amphiphilic compounds which are capable of
forming disk-shaped (diskotic) micelles in aqueous solu-
tion and have one or more smectic phases.

We have found that this object is achieved, according

to the invention, by nonionic 4-alkoxypolyethoxyben-
zoates of the formula
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0—C O—(CH>—CH;—0),—R!
R3
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0—C O—(CH;—CH;—0),~R!

where R3 is an n-valent radical of the formula

i 0
H—, C—O—(CH)y— or <|-:—0—(CH2)J,-—-
CH;=C +CH;—C>:
I I
RZ RZ

n is 1 or an integer greater than 1, R!is C;-Cs-alkyl, R2
is —H or —CHj3, x is from 3 to 12 and y is from 3 to 15.

Novel substances which contain, as R3, a radical of
the formula

O

|

('3-0-"-(CH2)J,—
“CH;~—C5

|

R2

are polymeric compounds. Their formula is reproduced
here 1n the simplified, generally used open form, al-

though these compounds, like the majority of polymeric
substances, carry terminal groups at both ends of the
polymer chain, as shown in the following schematic
formula:

0
|

C—O—(CH)y—
Q"(-CHz"?%TQZ
RZ

In this formula Q! and Q2 are each a terminal group,
the nature of which is known to depend on the particu-
lar polymerization conditions and as a rule is unknown,
since it can only be determined by very expensive inves-
tigations and is generally not important with regard to
the behavior of a polymeric substance. Regarding the
problems of terminal groups, see, for example, Houben-
Weyl, “Methoden der organischen Chemie”, 4th edi-
tion, volume 14/1, pages 116-118.

In the novel polymeric substances, n is not less than 2,
preferably up to 400; particularly advantageous novel
polymeric substances are those in which n is an integer

from 20 to 200.
‘The nonpolymeric substances according to the inven-

tion are of the formula
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R140-—CH;—CH;¥%:0

—(IT" Q 0-CH;—CH,;—03=R!, 10
O

15

where R is H or

“CH29;0—C—C=CH,,
|
O R?

Rlis Ci-Cs-alkyl, R%is H or CH3, x is from 3 to 12 and 5
y is from 3 to 15. X may furthermore be a mean degree
of oxyethylation, ie. mixtures of compounds of the for-
mula I may be present which have different degrees of
oxyethylation, the mean value of x being from 3 to 12.

In the compounds of the formula I, the two groups 75

R!—(O—CH;—CHy)—
- are two hydrophilic wing groups, while the remaining

part of the molecule may be regarded as a rigid hydro- ;,
phobic core. Substances of the formula

(Ia)

R!-0—CHz~CH,3;z0 ﬁ—o O— 13
0
((IJHZ)y
!
C=0 40
|
R%~C=CH;

O-CHy~CHy~O¥zR!

where R! is C;-Cs-alkyl, preferably CH3, R2is H or

CH3, x i1s from 3 to 12, preferably from 5 to 8, and y is sg
from 3 to 15, preferably from 8 to 12, can be polymer-
1zed in the presence of a free radical inittator and, if
required, a regulator. This gives the polymeric sub-
stances discussed above, in which radicals of the for-
mula I, where R 1s H, are fixed to the polymer chain in
the form of side chains in such a way that the longitudi-
nal molecular axis of the hydrophobic unit of the com-
pound of the formula I is transverse to the linking alkyl-
ene chain. Surprisingly, we have found that the com-
pounds of the formula I, which consist of a rigid hydro-
phobic core and two hydrophilic wing groups, produce
exclusively a defined micelle geometry in the binary
system with water, ie. disk-shaped (diskotic) micelles
whose size (thickness) can be adjusted in a controlled
manner by the choice of the hydrophobic unit. In cer-
tain concentration ranges, these micelles exclusively
form lyotropic smectic phases. Furthermore, the poly-
meric nonionic substances obtainable by polymerization
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of the compounds of the formula Ia have liquid crystal-
line phases in the binary system of surfactant and water.

The compounds of the formula I are obtained, for
example, by a multistage reaction in which a compound

of the formula

Rl—(QO—CH3—CH>),—Hal (ID)

where R1is C;-Cs-alkyl, preferably CHj3, x is from 1 to
12 and Hal 1s Cl, Br or ], is first reacted with a C;-Ca-
alkyl 4-hydroxybenzoate with elimination of halogen in
the presence of a base to give a compound of the for-
mula

(III)

C—OH
I
O

Rla=(O==CH~CHy);~—O

- Suitable 4-hydroxybenzoates are, for example, the
methyl, ethyl, isopropyl, n-propyl, isobutyl and n-butyl
esters of 4-hydroxybenzoic acid. Methyl 4-hydroxyben-
zoate is preferably used. Particularly suitable bases are
sodium hydroxide solution, potassium hydroxide solu-

. tion and alkali metal alcoholates. The reaction can be

carried out in the absence of a solvent or in a solvent
such as dioxane, water, methanol or dimethyl sulfoxide.
The compounds of the formula III are converted to the
corresponding acyl chloride or acyl bromide of the
formula |

(IV)

'IC]T""CI
O(=—Br)

Rl=(Q0=CHj=CH>),~O

which is then reacted with a compound of the formula

R

(V)

where R 1s H or

-f-CHz-);o—ﬁ—-tlz=CH2
O R2

R2is H or CHj, preferably CHs, and y is from 3 to 15,
preferably from 8 to 12.

The reaction 1s carried out in the presence of a ter-
tiary amine, eg. pyrnidine, triethylamine or tributyl-
amine, and preferably in a solvent such as dioxane,
tetrahydrofuran or dichloromethane. Solutions of non-
ionic surfactants of the formula I are obtained, from
which the compounds of the formula I can be isolated
by evaporating off the solvent. If necessary, purification
1s carried out beforehand, for example chromatography
over silica gel. _ .

However, it 1s also possible, for example, to react
4-hydroxybenzoic acid or one of its esters, its chloride
or its bromide in a conventional manner with half the
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molar amount of a compound of the formula V to give
an ester of the formula

o-Orgro-Qro-g-On
O O
R

and then to react this in a conventional manner, at the
terminal hydroxyl groups, with ethylene oxide in an 10
amount such that the mean degree of oxyethylation of
each polyglycol chain has the value x, and to react the
resulting oxyethylation product in a conventional man-
ner with an agent which introduces the radical R}, for
example an alkyl chloride R1—Cl, or with dimethyl
sulfate, to give a substance according to the invention.

It is also possible, for example, first to react the
C1-Cs-alkyl 4-hydroxybenzoate with ethylene oxide to
give an oxyethylation product of the formula

15

20
(I11a)

C—0—R*4

H—(O—CH;—CH3)x=0O i

C~O
|
0

H3C—(O—H>C—H»()¢~—0

where R4is C-Cs-alkyl, to introduce the radical R, as
stated above, into this product to give a product of the

formula 35

(11Ib)

C—Q-~R4

R} (O=—CH=—CHj),—0
o
and then to convert this to a novel substance by reaction
with a compound of the formula V.

The compounds of the formula Ia contain an ethyl-
enically unsaturated double bond and can therefore be
polymerized. The polymerization is initiated using initi-
ators which decompose to give free radicals under the
polymenzation conditions. Suitable initiators are the
peroxides usually employed in polymerizations, hydro-
peroxides, hydrogen peroxide and azo compounds, such
as azobisisobutyronitrile, and in particular water-solu-
ble azo compounds, eg. 2,2-azobis-(2,4-dimethyl-
valeronitrile), 2,2’-(IN,N’-dimethylisobutyramidine), 4,4-
azobis-(4-cyanopentanecarboxylic acid) and 2,2'-azobis-
(2,4-dimethylvaleronitrile). Other useful polymerization
initiators are the redox initiators usually suitable for
polymerizations. The initiators are used in the conven-
tional amounts, for example in an amount of 0.05 to
1.0% by weight, based on the compound of the formula
fIa. The polymerization is preferably carried out at from
0° to 60° C. A conventional regulator, such as dodecyl-
mercaptan, mercaptoethanol, thioacetic acid or hydrox-
ylammonium sulfate, may also be present. The polymer-
ization can i1n principle be carried out by the known
methods of solution polymerization, reverse suspension
polymerization and water-in-oil polymerization. The
polymers can be 1solated in pure form after the solvent
has been removed. The degree of polymerization of the
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6
polymers is usually from 2 to 400, preferably from 20 to

200 (determined by gel permeation chromatography on
commodity polystyrene using tetrahydrofuran). The
compounds of the formula I and the polymers obtain-
able by polymerization of compounds of the formula la
are nonionic substances which form disk-shaped (dis-
kotic) micelles in aqueous solution and have one or
more smectic phases. Both the monomers and the poly-
mers can be used in detergent or cleaning agent formu-
lations to reinforce the washing power. Amounts suit-
able for this purpose are from 0.1 to 10% by weight,
based on the detergent or cleaning agent formulation.
They can also be used as surface-active additives for a
very wide variety of surfactant applications, for exam-
ple in electroplating baths, in the production of printed
circuit boards for the electronics industry and in pesti-
cide formulations. They can also advantageously be
used for a very wide range of optical, electronic and
optoelectronic applications.

In the Examples, parts and percentages are by
weight.

EXAMPLE 1
Preparation of the benzoate of the formula

(6)

O—(CHy;—CH;—0)¢—CHj

|
O

(a) 101.16 g (=~0.6 mole) of 3,6,9-trioxadecanol are
reacted with 44.6 ml (~0.6 mole) of thionyl chloride
and 51.7 ml (=0.64 mole) of pynidine in a tetrahydrofu-
ran solution by refluxing for 12 hours to give 3,6,9-triox-
adecyl chlonde

H3;C+OCH;,;CH+:Cl (1)

The mixture is cooled and then extracted several times
with methyl ethyl ketone (MEK), and the MEK phase
is then neutralized with NaHCO3 and drnied over Naxs.
SO4. After the MEK has been removed, the residue 1s

distilled under 30 Pa and at 30°-37° C. Yield: 90%.
(b) First, 160 g (= 1.05 moles) of 3,6-dioxaoctane-1,8-

diol are reacted with 11.6 g (=0.5 mole) of sodium at
110° C. in the course of 12 hours to give the monoal-
coholate. During the reaction, the mixture is stirred
thoroughly. Thereafter, potassium iodide is added as a
catalyst, and 91.9 g (=0.5 mole) of the compound (1)
are introduced dropwise in the course of from 4 to 5
hours into the reaction mixture kept at 110° C. When
the addition of compound (1) is complete, the reaction
mixture is stirred for a further 64 hours at 160° C. and
then cooled to room temperature, filtered and fraction-
ated. The compound of the formula

H3C—[O—CH;—CHj3:OH 2)

1e. 3,6,9,12,15,18-hexaoxanonadecanol, distills off under

60 Pa and at 150°-160° C.

(c) 39 g (=0.143 mole) of the compound (2) are chlo-
rinated with 10.1 mi (=0.139 mole) of thionyl chloride
in 11.5 mi (=0.143 mole) of pyridine, similarly to the
synthesis of the compound (1), to give the compound of
the formula
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(3)

H3C—[O—CH>;—CH3]s—Cl

(d) 21.8 g of methyl 4-hydroxybenzoate and 6 ml
(~0.148 mole) of methanol are added to a solution of
8.05 g (=0.143 mole) of potassium hydroxide in 55 ml of

water. The solution is then added, while stirring, to a
mixture of 45 g (=0.143 mole) of the compound of the
formula (3) and a catalytic amount of potassium iodide,
and the mixture is refluxed for 12 hours. After some
~ time, phase separation occurs. In order to complete the
reaction, 11.5 g of KOH are added to the reaction mix-
ture, and the mixture is refluxed for 4 days. During this
procedure, the phase separation vanishes. The reaction
mixture is acidified to pH 1 by adding hydrochloric
acid, and is extracted several times with MEK. The
MEK is then distilled off from the extract. The remain-
ing oily residue is recrystallized twice from diethyl
ether at — 16° C. and dried over phosphorus pentoxide
under reduced pressure. 40.5 g (65.5% yield) of a pale
yellowish substance of the formula

H;C—[O=CHy=CH3]s~0O Q (IIID—OH
| o I

are obtained. The melting point 1s 38°-39° C.

- (e) 3 g (=0.007 mole) of the compound (4) are dis-
solved in 5 ml (=0.07 mole) of thionyl chiloride, and the
solution is refluxed for 5 hours with dimethylformamide
as a catalyst. Thereafter, the residual thionyl chloride is
distilled off and the residue is distilled under 100 Pa and
at 225°-226° C. 2.07 g (65.5% yield) of the acyl chloride
of the formula

- HiyC—[O—CH~CH1]6—0O Q ICI:—CI
. O

are obtained.

(£ 2.05 g (=0.0045 mole) of the compound of the
formula (5), dissolved in 1 ml of anhydrous methylene
chloride, are added dropwise to a solution of 258.8 mg

~{(.0024 mole) of hydroquinone and 0.66 ml ( =~0.0048
mole) of triethylamine in 5 ml of anhydrous methylene
chloride at —20° C. The mixture is stirred for 2 days at
room temperature. Thereafter, the methylene chloride
is removed and the residue is chromatographed over
commercial silica gel having a particle size of 60-63 um,
using a 1:2 mixture of ether and acetone. The solid
product of the formula (6), which has a melting point of
19.8° C., 1s obtained in a yield of 75%.

In benzoate (6)/H,0 binary systems, micelles form in
dilute solution, the critical micelle formation concentra- 60
tion (c.m.c.) being determined by measuring the surface
tension (Table 1).
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TABLE 1

c.m.c. of the surfactant (6) in H,O
c.m.c. (9% by weight)

10° C. 8.15 . 10—2
- 20°C. 6.46 - 102

65

33
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TABILE l-continued

c.m.c. of the suifactant (6) in H,O
c.m.c. (% by weight)

30° C. 5.63 - 10—2

Investigation of the lyotropic phase behavior

A polarization microscope with a means for heating

the sample 1s particularly suitable for investigating the
lyotropic phase behavior of amphiphiles, since it allows
phase transitions to be determined and optically moni-
tored at the same time. The contact preparation is used
for preliminary investigations and for determining
whether, or what, mesophases occur in a surfactant/wa-
ter system. )

(a) Contact preparations

For this purpose, a small amount of each of the com-
pounds to be imvestigated is introduced onto a micro-
scope slide, and a cover glass is placed on top so that
one of its edges rests on a second cover glass positioned
laterally with respect to the sample. A drop of water is
introduced between the slanting cover glass and the
slide. The water flows around the amphiphilic com-
pound and, in the course of time, the concentration
gradient from pure water to the amphiphile forms as a
result of diffusion. The preparation is placed on a heat-
ing stage located in the beam of a polarization micro-
scope. The phase transition can be observed by heating
or cooling under the microscope; the heating rate
chosen should be no higher than 1° C./min.

(b) Recording of a phase diagram using defined mix-
tures

To record a phase diagram, various surfactant/water
mixtures are prepared and are investigated as a function
of temperature.

Since, because of its low viscosity, the sample readily
spreads out between the slide and the cover glass, a
sufficiently thick sample layer should be maintained
between these by means of spacers. For the preparation,
50 mg samples of various compositions in percentage by
weight of surfactant and water are weighed into small
cylindrical teflon chambers on an analytical balance. A
stainless steel bail is introduced, and a homogeneous
mixture is then produced using a vibratory mill. Some
of the mixture 1s then placed on a slide, on which small
pieces of a heat-resistant foil (eg. commercial backing
foil) have been placed beforehand as spacers. A cover
glass 1s placed on top, and the sample is then sealed in
using a solvent-free epoxy resin in order to prevent loss
of water during heating. The investigation is once again
carried out on a heating stage under a polarization mi-

~ Croscope.

In the range from 53 to 84% by weight of benzoate
(6), the binary sysgtem of the benzoate (6) and water
exhibits smectic phases over a temperature range from
8.7° to 33.5° C. The homogeneous smectic phases exist
in the range from 54-75% by weight of benzoate (6) and
from 8.7° to 28° C. The fact that the phase formed at
high temperatures is a smectic S, phase is of particular
importance in this context. This phase has been un-

- known to date for lyotropic liquid crystals.
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EXAMPLE 2 (13
Preparation of the benzoate of the formula
ﬁ, ﬁ (7)
H;C-(-OCHZCHga-;o—@—c—o—Q-o—c O+ CH,CH,09rCH3
(CH2)11
\0 O
\ 7/
C
H3C)\'\CH2
OH
(CH2)11—OR
The tetraethylene glycol dichloride
25
Cl-+-CH;CH20%CH;CH—Cl (8)
OH

1s prepared from tetraethylene glycol and SOCI,, using

a process similar to that described in Example 1, and the

and then esterified with methacrylic acid to give the

product is then reacted with the monosodium salt of 30 compound of the formula

triethylene glycol monomethyl ether to give the com-
pound of the formula

H3C{0—CH;CH2 3 Cl (9)

Reacting (9) with methyl 4-hydroxybenzoate gives the
compound of the formula

(10)

H3C—[O—CH;—CHy3rO C—OH

I
O

which is converted with thionyl chloride to the corre-
sponding acyl chloride of the formula

(11)

H3C—[0—CH;—CH;3r0 c—Cl

I
O

To synthesize (7), the procedure described by F.
Hessel and H. Finkelmann, Polym. Bull. 14 (1985), 375
1s followed, and quinone is converted via the hydrogen
bromide adduct of methyl undecenoate to the corre-
sponding hydroquinone derivative of the formula

OH (12)

(CHE)EU"‘ﬁ—OH
O

OH

which 1s reduced with LiAlH4 to the alcohol derivative
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CH;

|
(CHy)11—O0—C—C=CH;

I
O

OH (14)

OH

Reacting (11) with (14) gives the benzoate of the above
formula (7). For this purpose, 3 moles of (11) are re-
acted with 1 mole of (14) and 3 moles of pyridine in
dichloromethane at below 0° C. Purification by column
chromatography gives the benzoate of the formula (7)
in a yield of 75%.

In the binary system of the benzoate (7) and water, a
homogeneous smectic phase forms in a wide concentra-
tion range. At low surfactant concentrations in aqueous
solution, a smectic phase coexists with a highly dilute
1sotropic micellar solution at above the freezing point of
water. At high surfactant concentrations, the smectic
phase coexists with a concentrated isotropic micellar
surfactant solution. Below 0° C., ice coexists with the
smectic phase.

EXAMPLE 3

The benzoate (7) described in Example 2 is dissolved
in tetrahydrofuran to give a solution having a solids
content of 23%, and 0.19 mol %, based on benzoate (7),
of azobisisobutyronitrile is added. The reaction mixture
is stirred, heated to 60° C. and kept at this temperature
for 18 hours. Thereafter, the polymer is precipitated
with hexane and then dried under reduced pressure.

The contact preparation exhibits a lamellar smectic
phase which exists in the range from —12.9° to 41.8° C.

We claim:

1. A 4-alkoxypolyethoxybenzoate forming lyotropic
liquid crystals, of the formula
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(D
Rl40=CH)—CH33=0 C==0 O—
I o 1 5 i I
I | | O
O—C O—(CH;—CH>—0),—R! R
R3
_ 10 —¢ O<CH;—CH,—O0¥%R!,
liil) QO
0—C O—(CH;—CH;—0)—R! _
where R is H or
715
-(-CHﬁ;O-ﬁ-(I:“:CHg,
where R3 is an n-valent radical of the formula O R?

P Rlis C1-Cs-alkyl, R%2is H or CHj3, x is from 3 to 12 and

y is from 3 to 15.
O O 5. A substance as claimed in claim 1, of the formula Ia

I {
H—, (I'.‘—O—(CHZ)},-- or (II‘,—O—(CHz)y—
CHy=C +~CH;—~C7

R2 R% |
Rl<=Q=—CHs~CH;¥:0 -

n is 1 or an integer greater than 1, Rlis C;~Cgs-alkyl, R¢
30

1s —H or —CH3, x 1s from 3 to 12 and y 1s from 3 to 15.
| C=0
2. A substance as claimed in claim 1, wherein n is an - |
R2—C=CH;

integer from 2 to 400. 35

3. A substance as claimed in claim 1, wherein n is an - O~CHy~CHy-O3=R!

I g
integer from 20 to 200. O
| 40

4. A substance as claimed in claim 1, of the formula I where Rlis C1-Cs-alkyl, R?is H or CHj3, x is from 3 to

12 and vy 1s from 3 to 15.
g » *x x -
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